INTRODUCTION {#sec1-1}
============

Breast carcinoma is one of the most common malignant tumors and the leading cause of cancer mortality among women.\[[@ref1]\] In Iran, breast cancer is the most common type of cancer among women comprising 24.4% of all malignancies.\[[@ref2]\] Optimizing breast cancer therapies to increase cure rates in early stages is a critical need and crucial area of research in medical oncology. Currently, the studies on treatment strategies for different kinds of cancers are focusing on targeted therapies as specific annihilator for the tumoral cells. These treatment strategies do not target other tissues in the body and thus, in contrast to other anti-cancer treatments, other organs are not adversely affected. In this regard, immunotherapy is being used as one of the known targeted therapies for breast cancer, in which monoclonal antibodies against the hormonal receptors expressed by the breast cancer cells are being applied.\[[@ref3]\]

Estrogen and progesterone receptors (ER and PR), which express in from 50% to 80% of breast malignancies are well-demonstrated as targets for monoclonal antibodies.\[[@ref4]\] Androgens also play a role in normal breast physiology and therefore androgen receptor (AR) signaling is becoming increasingly recognized as an important contributor toward breast carcinogenesis.\[[@ref5]\] Considering the high frequency of AR expression in breast cancer, targeted cancer therapies have been focused on AR as a target for cancer treatment.\[[@ref6]\] On the other hand, common histopathological factors such as tumor size, histological grade, axillary lymph node status, and identified biomarkers such as ER, PR and human epidermal growth factor receptor 2 (HER2) are well-documented prognostic factors for breast cancer,\[[@ref7][@ref8]\] However, there is not enough evidence to demonstrate the prognostic value of AR especially in Iranian population. Consequently, more studies are required to validate AR as a new target in breast cancer and to determine the prognostic and therapeutic value of this receptor. The aim of the present study was to investigate the prevalence of AR expression in invasive breast carcinoma by immunohistochemistry and to determine its relationship with well-documented clinicopathologic prognostic determinants in an Iranian population.

MATERIALS AND METHODS {#sec1-2}
=====================

This observational study was conducted on archived formalin fixed and paraffin embedded tissue specimens in the laboratories of Alzahra and Beheshti University Hospitals in Isfahan (Iran) with a diagnosis of invasive breast carcinoma between 2006 and 2010. The cases of invasive ductal carcinoma were graded according to Bloom and Richardson grading system.\[[@ref9]\] The paraffin embedded tissue blocks were sectioned in 4 μm cuts. The standard avidin biotin peroxidase complex method was used and heat-induced antigen retrieval using the microwave method was applied for all immunohistochemical staining to evaluate ER, PR, HER2, and AR expression in tissue samples.

The process of immunohistochemistry was applied as follows: (1) placing the sections in 37°C oven for 48 h, (2) rinsing in 100% xylol, graded ethanol (100%, 85%, and 75%), and distilled water, (3) rinsing in 10% phosphate buffered saline (PBS) solution, (4) exposure to 10% H~2~O~2~ and methanol at a ratio of 1:9 for 30 min, (5) rinsing in PBS, (6) placing in citrate buffered solution (pH = 6.1) for 14 min at a microwave with power 800, (7) rinsing in 10% PBS, (8) adding blocking serum to the slides for 30 min and then drying, (9) separately adding the specific antibodies including HER2 (Dako, clone PN2A, 1/200 dilution), AR antibody (Dako, clone R441,1/100 dilution), ER antibody (Dako, clone ID-5,1/50 dilution) and PR antibody (Dako, clone PgR; 1/300 dilution) for 30 min at room temperature, (10) rinsing in PBS, (11) adding broad spectrum antibody for 30 min, (12) adding HRP-streptavidin for 30 min, (13) addition of diaminobenzidine for 10 min, (14) rinsing in 10% PBS, (15) dehydration in distilled water, graded alcohols (75%, 85%, 100%), and xylol, (16) counterstaining with hematoxylin, five dips, and (17) mounting. The slides were then evaluated by light microscopy.

Negative controls omitting the primary antibodies were included with each run of staining. Normal breast tissue in the samples served as an internal control for ER and PR. Normal prostate tissue was used as the control for AR. Nuclear staining in 1% or more of the tumor cell nuclei were considered as positive for ER and PR. For HER2, 2 + and 3 + membrane staining of the tumor cells were considered as positive.\[[@ref10]\] The quick score method\[[@ref10]\] was used for semi-quantitation of AR status as follow:

Intensity of staining; slides were assessed for the average degree of nuclear staining at low power (×10) and the following scores allocated: Negative (0) weak (1), moderate (2), or strong (3)The percentage of cells with positive nuclei was counted at high power (×40) and the following scores were allocated: \<25% = 1, 25-50% = 2, 50-75% = 3, and \>75% = 4. The scores from 1 to 2 were added together to give a final score ranging from 0 to 7. The final score was designated as negative or positive as follow: score of 0-3 as negative and score of 4-7 as positive.\[[@ref10]\]

Other data including age at the time of diagnosis, tumor size (greatest tumor dimension), and the status of axillary lymph node were obtained from the records available in the patient\'s documents.

The data were analyzed using the SPSS software (version 16.0) for windows. Quantitative and qualitative variables are presented as mean ± SD and number (%), respectively. Independent sample *t*-test and Chi-square test were used for comparisons. A *P* \< 0.05 was considered significant in all analyses.

RESULTS {#sec1-3}
=======

In this study, 70 paraffin blocks of breast carcinoma were evaluated. Cancer characteristics are presented in [Table 1](#T1){ref-type="table"}. Overall, 48.6%, 42.9%, 64.3%, and 57.1% of the samples were positive for ER, PR, AR, and HER2, respectively. Thirty three (47.1%) cases were ER^−^ PR^−^ and 17.1% were triple negative (ER^−^, PR^−^, and HER2^−^). Among triple negative cases, half (6/12) were AR^+^.

###### 

Cancer characteristics

![](ABR-3-132-g001)

Comparison between AR^+^ and AR^−^ cases are demonstrated in [Table 2](#T2){ref-type="table"}. AR^+^ cases were about 7 years younger and were more frequently positive for ER. The difference between the expression of either markers of PR and HER2 was not statistically significant between AR^+^ and AR^−^ groups. Mean of tumor size was not significantly different between AR^+^ and AR^−^ cases, but tumor size of \>2 cm was more frequent among AR^−^ cases. Although tumor grade was relatively higher among AR^−^ cases compared to AR + cases, the difference between the two groups was not statistically significant. A statistically significant difference was not observed in nodal status between the AR^+^ and AR^−^ cases.

###### 

Comparison between AR^−^ and AR^+^ samples
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There was a significant inverse relationship between age and AR score (*r* = −260, *P* = 0.03), the score decreases with increase of the age. Furthermore, there was a significant inverse relationship between tumor size and AR score (*r* = --0.41, *P* \< 0.001), the score decreases with increase of the tumor size. There was no statistically significant relationship between the AR score and the number of involved lymph nodes (*r* = 0. 01, *P* = 0.92), but a strong direct relationship between the tumor size and number of involved lymph nodes was found (*r* = 0.41, *P* \< 0.001).

DISCUSSION {#sec1-4}
==========

In cancer research, development of targeted therapies has always been an ideal goal. The specific targets in breast cancer, which have been successfully used include HER2 and ER.\[[@ref6]\] Previous evidence have shown that androgens can directly affect the growth of breast cancer cells,\[[@ref5][@ref11]\] In this regard, some studies were conducted to establish the levels of different kinds of androgens in breast cancer patients and found that high level of androgen can be associated with different types of breast carcinoma,\[[@ref12][@ref13]\] In this study, we demonstrated that AR expression is present in about 65% of all the invasive breast carcinoma variants. Our data showed that AR negativity is associated with older age at the time of diagnosis. We found that half of the ER negative tumors are AR positive, which can suggest an endocrine therapeutic strategy for patients who do not benefit from anti-estrogen based medications. As the reports have indicated before, treatment of ER negative tumors is more complicated, hence target therapies against AR seems to be effective in these patients.\[[@ref6]\] Furthermore, more than a quarter of our samples were triple negative (ER^−^, PR^−^, and HER2^−^). Triple negative variants of breast carcinoma generally have more aggressive clinical course and validated targeted therapies for them are currently unavailable.\[[@ref14]\] We found that half of these tumors were AR positive. Previous studies have also shown that up to 53% of triple negative tumors are AR positive with variable results among different populations.\[[@ref15]\] These results provide evidence that AR is an important target for cancer therapy.\[[@ref16]\]

In the study by Gonzalez *et al*. on 250 blocks of invasive breast carcinoma consisting of 212 ductal and 38 lobular neoplasms, AR expression was observed in about 60% of the cases. The same as our result, AR expression was associated with ER expression. Their results also showed lower proliferative index and low or intermediate histological grade in AR positive tumors. Moreover, patients with AR positive breast carcinoma have been reported to have a significant longer overall survival compared to those with AR negative tumors.\[[@ref17]\] Furthermore, a study on the prognostic value of AR expression in ER negative carcinomas showed that AR expression was associated with increased age, tumor grade, tumor size, and HER-2/ν overexpression. In addition, patients with AR positive tumors had better disease free survival.\[[@ref18]\] Among a cohort on 215 invasive ductal breast carcinomas, AR and ER were expressed together in the majority (80-90%) of ductal breast carcinomas. Their analysis showed that AR is an independent prognostic factor in ER positive group and increases the risk of cancer related death in ductal subtype.\[[@ref19]\] In a study among 1467 breast cancer patients, 78.7% were AR positive and AR positivity significantly improved the prognosis of the patients and decreased overall mortality. However, there was a non-significant association between AR status and breast cancer death among women with ER negative tumors, which indicates that the association of AR status and breast cancer survival may depend on ER status.\[[@ref20]\] The pathophysiological studies on the role of androgen in breast cancer have suggested that androgens can prevent the tumoral cell growth.\[[@ref6]\] According to a recent *in vivo* study, AR can prevent the activation of target genes that mediate the stimulatory effects of 17 beta estradiol on breast cancer cells. Thus, AR expression seems to be a positive prognostic factor in breast carcinoma.\[[@ref19]\]

Our study suffers from some limitations including the rather small sample size and lack of availability of data concerning the survival of patients. Studies with larger sample size and adequate follow-up are required to validate the significance of prognostic role of AR expression in breast carcinoma.

CONCLUSIONS {#sec1-5}
===========

Our study shows that AR expression is frequent in breast carcinoma. In addition, we found that AR expression is associated with smaller tumor size and younger age at the time of diagnosis. Moreover, half of the ER negative and half of the triple negative tumors were AR positive, which can suggest an endocrine therapeutic strategy for patients who do not benefit from other conventional endocrine-targeted medications.
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